Early initiation of enteral nutrition improves clinical outcomes in critical patients with serious burns. Postpyloric tube feeding is a valuable therapeutic option for severely burned patients with poor gastric emptying. How early post-pyloric feeding can be initiated to provide more benefits to patients has not yet been examined. A fire erupted at a recreational water park in New Taipei City, Taiwan, on June 27, 2015. The results of early initiation versus delayed post-pyloric feeding in severely burned patients in this masscasualty incident were compared. Door-to-post-pyloric feeding time ≤ 24 h was considered as early postpyloric feeding (EPF) and that > 24 h was considered as delayed post-pyloric feeding (DPF). Thirteen patients with severe burn injuries (> 40% of the total body surface area) were assigned to undergo either EPF (five patients) or DPF (eight patients). This study is a "fortuitously controlled" study, and the authors were able to formulate and test whether EPF is better than DPF by comparing the two groups. In patients in the EPF, the intake of calories increased rapidly and was maintained throughout the study period. In addition, rapid restoration of plasma magnesium concentrations as well as pronounced recovery of platelet count in the EPF group was observed. In conclusion, our findings indicate that the time from injury to the onset of post-pyloric feeding is crucial, and EPF allows for the administration of calculated caloric needs. Therefore, EPF can be successfully initiated with beneficial outcomes of nutritional reconstruction in severely burned patients.
Introduction
Severe burns initiate a chain of inflammatory reactions, such as dehydration, extensive loss of tissues, acid-base disturbance, hormonal imbalance, hypoperfusion, shock, organ dysfunction, and infectious diseases (Raff et al. 1997) . If the burn size is > 20% of the total body surface area (TBSA), a hypermetabolic response occurs with increased resting energy expenditure, causing high intensity of stress, enhanced catabolism, and rapid loss of lean body mass (Raff et al. 1997; Sheridan 2002; Vicic et al. 2013) . The most fearful complication of burns with a high mortality rate is multi-organ failure. In such cases, late introduction of enteral nutrition is one of the risk factors leading to poor prognosis and death (Vicic et al. 2013) .
As is broadly reported in the literature, early administration of enteral nutrition has several benefits, including alleviating the stress response, abating hypermetabolism, and improving patient outcome, compared to parenteral nutrition in severely burned patients (Andel et al. 2001; Chen et al. 2007; Mosier et al. 2011 ). However, severely burned patients may experience intolerance to enteral feeding due to poor digestion (Lavrentieva et al. 2014; Trexler et al. 2014 ). Moreover, most burned patients require analgesic agents with high-dose opioids that cause hypomotility of the gastrointestinal tract. Therefore, postpyloric tube feeding is a valuable therapeutic option for major burned patients with delayed gastric emptying (Sefton et al. 2002; Stroud et al. 2003) . Although early enteral nutrition has improved prognosis in burns patients, whether early post-pyloric feeding (EPF) is beneficial to severely burned patients remains to be answered.
In June 2015, the gastroenterologists at the Tri-Service General Hospital, a medical teaching hospital belonging to the National Defense Medical Center in Taipei, Taiwan, differed in their opinions about the benefits of EPF in a mass-casualty incident with multiple burns victims. Therefore, in this study, we investigated the effects of EPF in burns patients.
Methods

Patients
On June 27, 2015, a fire erupted when a flammable starch-based powder exploded at a recreational water park in New Taipei City, Taiwan, injuring 499 people, with 199 in a critical condition. The injured patients were treated in > 40 hospitals across Taiwan. A total of 61 patients were treated at the Department of Emergency Medicine of the Tri-Service General Hospital, Taipei, Taiwan. Thirty patients experienced severe burn injuries (> 40% TBSA) and required to be transferred to the burns intensive care unit (ICU). Door-to-postpyloric feeding time (h) was defined as the time interval between the patient's arrival at the emergency department and endoscopic postpyloric intubation. Door-to-post-pyloric feeding time ≤ 24 h was considered EPF and that > 24 h was considered as delayed postpyloric feeding (DPF). Thirteen patients were assigned to undergo either EPF or DPF: five patients underwent EPF and the remaining eight underwent DPF (Fig. 1) . Administration of EPF or DPF solely depended on the gastroenterologist who was on call and was independent of the patient's condition; this is because the hospital's eight attending gastroenterologists had strongly varying viewpoints on EPF. Therefore, this study is a "fortuitously controlled" study, and we were able to formulate and test whether EPF is better than DPF by comparing the two groups. The Institutional Review Board of the Tri-Service General Hospital approved the collection and analysis of clinical data (IRB: 2-105-05-008). Follow-up for each patient started at the beginning of the hospitalization period, and follow-up for the entire study.
Assessment of clinical parameters
The "rule of nines" was used to estimate the degree of the burn (Hettiaratchy and Papini 2004) . Laboratory examinations, including complete blood count, as well as measurement of plasma electrolytes [sodium (mmol/L), potassium (mmol/L) and magnesium (mg/dL)], plasma glucose (mg/dL), aspartate aminotransferase (AST, IU/L), creatinine (mg/dL), albumin (g/dL), and procalcitonin (ng/mL) levels, were conducted on admission and followed up once a week. Nutrition status, body weight, and body mass index (BMI) in both groups were obtained from medical records. The Harris-Benedict equation was used to determine basal energy expenditure and estimate the total caloric requirement (El-Solh 2004) .
Procedure
The post-pyloric tube (12 French, 114-cm long, polyurethane feeding tube with stylet, CORFLO ® , CORPAK MedSystems. Inc., Buffalo Grove, USA) was endoscopically placed using the "drag and pull" technique (Chang et al. 2005) . Before the procedure, two 3.0 nylon suture-tied knots were created on both sides of the tube at 0.5-cm intervals. The feeding tube was flushed with water. The outer wall of the feeding tube was lubricated with 2% xylocaine jelly, introduced through the nostril, and delivered into the stomach. Furthermore, a standard single-channel endoscope (GIF Q260, Olympus, Tokyo, Japan) was intubated into the stomach. A biopsy forceps was inserted into the working channel of the endoscope and used to firmly grasp the tie. The feeding tube was pulled to pass through the pyloric ring into the second or third portion of the duodenum. After the endoscope was inserted as further as possible beyond the pylorus, the biopsy forceps holding the suture tie at the tip of the feeding tube was further extended. The biopsy forceps were then opened to release the suture. Meanwhile, the stylet was maintained in place to stiffen the feeding tube. To avoid its retrograde migration, the endoscope was slowly withdrawn into the stomach, esophagus, and out of the patient's mouth. After the stylet was removed, the procedure was completed. All procedures were per- Fig. 1 . Flow chart of study participants.
formed at the bedside in the critical care unit.
Statistical analysis
Statistical analyses were performed using SPSS software version 20.0 (IBM, Armonk, NY, USA). The independent Student's test and the Chi-square test were used to compare continuous and categorical data between the groups. A p value of < 0.05 was considered statistically significant for all tests.
Results
Study population
The size of the burned area was 50% in 5 patients, 60% in 4 patients, 70% in 1 patient, and 80% in 3 patients. There were no significant differences in age (24 ± (Table 1) .
Caloric intake
The calories provided per day in the EPF and DPF groups are presented in Fig. 2 . There was an increase in the mean caloric intake throughout the 21-day period in both groups. When changes in absolute values were compared, the increase in the mean caloric intake was statistically significant in patients in the EPF group on days 4 (p < 0.001), 7 (p = 0.005), and 14 (p < 0.001) than in patients in the DPF group.
Plasma magnesium level
Hypomagnesemia is common after a burn injury due to losses in the exudates (Cunningham et al. 1987; Berger Fig. 3 . Average plasma magnesium level change after burn injury.
On day 4, a more rapid increase in the mean plasma magnesium level (mg/dL) was observed with significant difference in the EPF group compared with the DPF group. *p < 0.05 compared with the DPF group. Fig. 2 . Time-dependent changes in total energy intake. The graphs show average total energy intake per day (kcal/day) in the early post-pyloric feeding (EPF) and delayed post-pyloric feeding (DPF) groups. Compared with the DPF group, the increase in mean caloric intake in the EPF group was statistically significant on days 4, 7, and 14. **p < 0.01 compared to the DPF group. ***p < 0.001 compared with the DPF group. (Fig. 3, Table 2 ).
Platelet count
At the baseline, there was no difference in platelet count between the EPF and DPF groups (232.80 ± 77.44 vs. 251.25 ± 50.67 × 10 3 /μL, p = 0.611). A significant decline in platelet count was observed in both groups on day 4 of the treatment. Comparison of the groups indicated the presence of a more pronounced ascent in platelet count on day 14 in the EPF group compared to the DPF group (431.40 ± 162.92 vs. 212.88 ± 161.08 × 10 3 /μL, p = 0.037) (Fig. 4 , Table 2 ).
Clinical outcomes
All the patients survived and were discharged. Overall, the median ICU stay was 34 days (range 20 to 85 days) in patients receiving EPF, and 40 days (range 18 to 85 days) for those receiving DPF, but the difference was not statistically significant. Similarly, there were short hospital days in EPF than DPF groups (132 ± 23 vs. 144 ± 70, p = 0.729) but no static difference. Blood stream infection rate (60.0% vs. 62.5%, p = 0.931), pneumonia rate (40.0% vs. 37.5%, p = 0.931), and wound infection rate (40.0% vs. 75.0%, p = 0.225) did not differ between the EPF and DPF groups (Table 3) . 
Discussion
This study demonstrated that early introduction of post-pyloric feeding was beneficial to burns patients in the ICU with respect to nutritional and metabolic parameters; it also resulted in an increase in the platelet count of patients. Although a gastric ileus may occur in the immediate postburn period, the gut beyond the pylorus usually continues to function for the absorption of nutrients. The suggested procedure for early administration of enteral diet is through the pylorus by direct endoscopy (Chang et al. 1996; Lin et al. 2006) . Through this procedure, the stomach is bypassed; therefore, any problems with respect to gastric emptying that could compromise adequate feeding are avoided.
The results of this study demonstrate that it is possible to successfully administer enteral feeding formulas through the pylorus within the first 24 hours after burn injuries. In addition, we observed that a high number of calories could be delivered using this method. Meanwhile, an increasing amount of tube feeding at a slower rate occurred when patients were administered post-pyloric tube feeding for > 24 h.
Hypomagnesemia has received poor attention in medical literature than hyponatremia, hypokalemia, and hypocalcemia because of its lack of symptoms until plasma concentrations reach severely low levels (Pham et al. 2014 ). However, hypomagnesemia has been reported in severe burns patients and is associated with high mortality, need for mechanical ventilation, and length of ICU stay (Fairley et al. 2015; Upala et al. 2016) . The involved mechanisms are likely multifactorial (Berger et al. 1997; Cunningham et al. 1987) . We observed that the EPF group demonstrated a consistent rise in serum magnesium level. This result suggested that the initiation of EPF may serve to minimize magnesium malabsorption.
Platelets play an essential role in severe haemostasis disorders and immune response impairments in burns patients. Monitoring the platelet count is important during the resuscitation and care of severely burned patients (Gajbhiye et al. 2013) . In critically ill patients, a blunted rise in platelet count has unfavourable prognosis (Nijsten et al. 2000) . In the present study, the DPF group had a consistently slow rise in platelet count. The gradual rise in platelet count in the DPF group may be because platelet consumption is higher than platelet production. In addition, it may be possible that hypomagnesemia has a direct regulatory effect on platelet production (Rishi et al. 1990 ). To the best of our knowledge, the current study is the first to highlight the link between total serum magnesium levels and platelet count in burns patients. Therefore, to further improve outcomes in burned patients, future treatment should focus on targeted magnesium supplementation strategies based on the time course after burn injury.
There were some limitations in our study. First, this was a retrospective study with small sample size from a single medical center, there might be selection bias and residual confounding, which could potentially reduce the external validity. Second, all patients in our cohort were young adults, therefore, further investigation of the outcomes in middle age and elder population is required to validate the results. Finally, we did not consider the timing of administration of human albumin with respect to the interaction with actual nutrition intake. However, these results may aid in developing future clinical studies on the optimal timing and delivery of post-pyloric nutrition in burn patients.
In conclusion, based on the results of our retrospective study, post-pyloric feeding can be successfully initiated in severely burned patients after injury. The time interval between injury and the onset of post-pyloric feeding is the crucial factor. The critical threshold can be defined as less than 24 hours post-burn injuries. EPF allows for the provision of calculated caloric needs. However, our results are preliminary and need to be tested in a prospective randomized trial; our findings serve as an ethical background for such a study. Therefore, future studies that use our study findings as a background should be conducted to determine more effective treatment strategies.
